
,Ic;{t]-1’ict’l”c  l~lclll<i;tl

Jc( I’I o])ulsio[l 1 ,abc)I a(c) I y/ (;alifc)l Iiia ]Ilstitutc  tJf”l’ccl)I)c)lc)  j:y,

N4S 2’/’/-? 12, 4800 oak (i]ovc III., l)asa(lct)[i, (:A 91109,  (ISA

AIIS’J’J<A(:’J’

‘J’lIc  addition of’ u] flafilic Scatlcri]t[l, Ccltlcls  irlto IIil’l’c:{-l)as(d

lIlfitcIials and Il)cil iln])act 01) t}Ic l}loIII)al  aIId clcc[tical  tlti IIsl)o I[

j) Iopcj[ics  irl a ?O(L500 K  tcmj)aaturc.  I.nlI[:c 8(C disctlsscd

IIascxl oII l)lcvio~ls  Il)colc  tical cfli)l (s, tlIc lcslllli[)g!  iln[]loicrl}ctlts

ill tlIc fi~,illc  of II)clit  o f  tl)csc Ilcavi]y  doj)cd lt)clll)oclm[[i~:

scl)-licol)(l~lclols”  \\’clc calculatd  a s  a  f~ll)ctioll  o f  Collljl[)sitio[l,”

tclnl)ct  atu I c, (io])ir)p, ]cvcl, l)al[ic~llatc.  size aIId cot)cctl[[;llioll”

IMclltlinfitiol)  of the lattice tlIct It)aI colld[)c(ivity  of tlIc l’a[io~ls

alloys lvas Cml)(lllclcd  [Iy U)llsidclillp, I)ILOIIOII-l)IIC)I1OII,  call  ic[-

l)l)oIIoII,  poil)t dcfcc[ alId illc.t [ scat[cv  itl[: celItc  I sc:il[clill{~

l~)cclmnisl)w.  lk[:t adatioll  of IIIc. clcctI icxil l)IOI)CI [its duc to tlIc

imxcasc  scxiltctillj{  Iatc w a s  also take II il)to  accoLIIIt l’t:lcl ical

ap!)licatiol]  oftl]c.sc  I mulls is col)sidcl  d

lN’I’l<ol)ll(:’I’1  0N”

Addifiol)s  ofl:indol])ly dis[lil)lltcd  ul~l:ifit)c j)al[icula[cs  ill~o at]

ott]cl  w i s e  ulldistufl)cd  sit)::lc uyslallinc [I)crt))oclcctlic  l)lalclial

lla\’c  lK!CI1 Sll{y:(!slc(l  as -a l)osslblc II)cdlal)isl)l  10 scfiltc  I

it]{cllllcdiatc  Ivavc JcIIp,  (lI l) IIOIIOIK  atd dccIcasc (l\c. lattice tl]cl II)al

Cmlldudivity. (klculatiolls Imfo]tmd  fol  Si-(ie alloys [ 1 - 3 ]

dctcl Inil]cd  (I)a{ 10  to 40% i]ll])lovcllw])[  ill ll)c fI:I,Lii e of II)ct ii Z

mij:ht h obtaimd,  l{xl)u itnctllal  m’ofk  coIId LIclcd  C)II IIot  - [) ICSSN1

p-tyl)c  Si-(ic alloys with add i t ions  o f  Si3Ni4 l)al[icula[cs  50A it]

dialnctcu Sllcccssfully (l(’lllollstl fitc(l tl)c Clll)a[lc(’(1  ] ) 11011011”

scattcl ill{: Iatc 14],

Applicatio!l  o f  a c(lll)ll[cllcl~sit’e I)dcl t o  tl)c tlIcI II)al aIId

electr ic.al  tlalls~)ol[ l)lol)cl[ics of 1)011) 11-lypc  aIId  p-tyl)e  lli2’l’c{-

Laxxi alloys fm Il)cil  f~lll tclq)cvatulc  I aII/:c o f  tlscfulncss  w a s

apj)lid wuy Iccclltly  [ 5 ] . 1  ;xl)l-cssiol)s  of all tlIc 11 at Isl)oI [

11101 ICI (ic.s of t} Icl Inoclcctl  ic sclllicol)(l~lclc)[s  wcIc  (lcI ivul fIC)III

t h e  IIol(m]a[lll’s  tIaIIspoI[  cq~latiot), usinj: ll)c tclaxatiol)  ti])lr

al)l)loxil)udtiol)  [6]. ‘1’tlis ~!’idcly u s e d  II)ctl  Iml I)as lWII cIIIl)loycd

w i t h  l~c.lmi s ta t i s t ic s  to c a l c u l a t e  cfillic.1 lm)l)ililyl Clcdl  ical



cotl[i~lc[ivit~’, c211  I icu cot]ccrl(l  aliol),  1  l a ] ]  cocfl;cicilt,  Scc[)cck

cocflic.  im)t, clcdlollic mId l)ij)olal Cmlltlil)lllioll to tl)c llIcl IIIal

c o n d u c t i v i t y  as wc]l as ofl  IcI tIHIIspol(  Cocflicicl)[s, 1 ;fikct of

IIlil)ol  i(}’ Call iCl CO1ldll  C[ioll  :il)(! COIIIJ)]CX bald S(1 [I C.[lIICS \\]CIC

lakul  il]to auwuIIl  l)y tlIc  II I()(IcI:  IIp 1 0  t\w)  Col)({uclio]l  baII(is  211({

t w o  valcncc  1)8[)(1s  \vcIc  ml]si(luc(l, ‘1’IIC  t\vo  IIlosl  COIT)I1lOII°

Cxllicl  sc~(lclil)~~  I]]ccllat)is]l)s  l]s~]ally  lICCjCSS:try  10  (Icsclil)c  tlIc

lIa IIspoIl  l)lopcl[ics  it) (lIcx IIwvy dol)i]lf,  u)ldiliolts wcIc:

sdcdd: acoustic pholloll scattcl-i])f, afI(l io]lim] i[tlj)ulity

scattclill[~.  IIascd 01) lI)c lclativc cJIal){I,cs  ii) t!lcllIMl u)tduc[ivity

witl) tlIc c.oll]]msi[io]]  oft]lc al loys,  tlIc lIIodcl plc(lic[c(l  tlmxill)ultl

I ()()111 tcll)])cxatulc  z of :3. S-3,6 X10”3K-! ‘1’IKW wil~lc.s

cof IcspoIl(lc(l  10 about a  400/0 iII)j)IOvcn)cl Il :ilmvc cc)ltltt]cl cially

availahlc  IImt  CI ials aII([ a 1 O - ?  OO!O ilm c.asc. nlmvc. the. l)csI I mills

rcli:il)ly  acl)ic.vc.(1  irl [lIc  lat)()]a[()]~~  01)  sirlp,lc  c]ystnlli[]c sal IIplcs,

11) cot)lii)ua[ioli  of this u’ok, tllc l))odcl was apl~lid to t h e

calclllatiol) of tlIc  clIa  III:cs  ill lal[im  llIct IIIal Colldllclivity  o f

lli2’1’c3-l):tscxi  :illoys l)y illtt(ducill{: inul sc;lt[c]ill~~  ccl Itcts

‘1’llcil ill)l):ic[ C)II Il)c llIcr IIlal aIId clcctlic:il  tIal Isl)c)Il  Il[opc[[ics  il)

a ?()()-5()()  K tell-
Ij )C Ia tU J C  I:i II};c aIc discussed IJc(clll)itlalioll  of’

lIIC lal(icc  Itlcl]))al  corld~lc{ivily o f  tl)c various  alloys was

Conduc.tcd  by col]sidc]  ii]{: ]Jt]()]l()l]-])l]()l](Jll,  calf ic]-j)llonon,  l)oi]]t

dcfcc.t and il]rl [ scatlcr inf, ccntcr sca[[u inp, mcchanisfns
IJc[],ladatiol)  oj’ll  Ic Clcc(licdl J)lol)cllics  dlic  (o tllc il)clusic)lls  \\ ’as

also takw illlo amx)LItI( ‘1’tlc  Icsul(itl{l,  iln])[ovmc[lts  ill  tlIc.

(Iir)lc[)siolllcss  fi[],~llc of nlc I i t  7,’1’ o f  tlIcsc hc:tvily  do[)d

[lIcI InocJcclI ic sct]lico[i(lllc(ol”s  \w c Cdlcxlla(cd  [Is 8 f~ll)c(io]l  of

coll)posilioll,  tCl)ll)CIa(UIC) (Ioj)inp, ]cvcl .311(  I l)ar[icul:itc  si7c aII(l
co~lcx[lt[[tti(~ll.

‘I’1ll:O1<l:’I’I(  :AI / A1’1’ROA(:ll

(~ filculalioll ofll)c lal~icc Iltcllnal  conductivity Ivas  callicd OLIl

by usir)f~  lIIC llol[7111a IIII’s c(]uatio]i fo] l)lIoIIoIIs  aII(i a(i(iin[~,

sca(tclit){~ I)y lIi IIafi Il~ clccllicaiiy  arI(i tiICIIIIali  S i[)sulatil][~,

inciusiol)s  10 tiIc tiIrcc ()[i IcI scat(ciil){~  mec.l]anistns  airca(iy

col]si(icrcxi  t)y Ii)c IN()(icl: II OIIIl:il aII(i  lJIIIklai)i)  i)i Ic)IIOIt-i )lIofI(III”
sc.a[lc[il)~~, ])oil][  (icfkct smflclili{!  :It](i c:t]]icl -i)l)[)llorl  Scattcri[]f],,

‘1’IIc  :I,cIIcl  ai m])le.ssioli  [’/] f[)[ illc  Ia((icx iilcIIIlai  colld~lc~ivily  l.l

i s ( l ) :

(1)

?



()/l

o

0/1

0/1

(?)

(4)

wl)clc (Ic )-1 ]c])I cscIIts tlIt total ])1)01101)  sc.altc]  illp,  lalc,  It, i s

h(!)
imc.s a n d  x i s  tl]c Ic(l  LIcc(l  plIolIotI”  f’Ic(j Llcncyk,,’]’

“1’11(’ total

)llotIotI”  Sc:ittc]irlj],  lalc isdc[cll)lillc.[1 flottl  (5)

I ]lpll ,1 ,1
(5)

. .“

‘J’IK ])ttonorl  Iclaxaliorl  Iil]lc dLlc 10 IIlllafiIIc scal(clir)j’,  ccn[ms,

ass~ltnirt~!,  a spllcrica]  i[lcl[]siotl,  is [81:

1
~ N/\\I (6)

1 s<

\v]IcIc  hT cx)IIcsj)OIIds  to II UmbGI  o f  illdllsions  j)cl llllit  \~olLIIllc’

aII(l A is tl]c closs-sections] a[ea oftl)c inclllsiorls l{cwlitil~[: (())

itl Icl[i]s of c, Illc ~’ol~]l]]c  ~[ac[ion of itlcl~lsio[ls, at]d d ,  ltlcil

diamc[cl,  an cxl)lcssiol~  ( 7 )  vc[y  similal  t o  tllc ol]c (lcli\’c(l  foI

f’,lait)  l) OLlt Ida Iy scallclir]p,  [3] is ~)l)lait)cxl

1 3CV

T .,. ‘?(I
(“/)

‘1’l]is cxprcssio]] slIows [lIal tllc stllallct tlIc diattlctct  aIId tlIc

ltiIfI,cI  lllc. volLIIIlc  fltic[iol] ofitlc.l~lsions,  tllclli~(llcl tllcsuatlclil]:j,

Iatc a[d (I]us IIIC  l[~wcI ttlc Iatticc.tllcllnal  c.onduclivi~y,



[9, 1 O], OIIC obtains the folloivilip, cx]~I cssiol] (8):

c) : 0 ~, [l.;.<::”>]
(1

(8)

wlIc I c C)() is tlIc vol LIIIIc-avc.I a{yd v a l u e  aIId <A07> cm] t cspo IIds

10 an illtqj,l atcd awl a{[c of II)c wliatio]]s it) c o n d u c t i v i t y .

(h[]sido irl[[ 2 comlmsitc  Ill:iteli[il  m]lsis(i[lp, o f  a Cotltilluous

}]~{itiix  of lli2’1’c3-hsc4  alloy of clcc[lical  condtlc[ivify olli.l C aIld

of IIlt I afi IIc scattcI il]j: i]]cl~lsi[~[ls  of clcct  I ical conduct iv i ty 0s,, ,

CX])I cssio]]s ( 9 )  [it~(i  (1 O )  fol  0(1 aIId ~Ac)2> cat) [K ~vfittctl  tis ~i

f(illc[io]] oft ,  oi],.lc aild 0,,

0(, (1- COO,,,.,, -1 cc),, : (l-c) (),,l.,c ( 9 )

<:Ac\’D~ C(]-c)(o ;,,]{ -  O;< )= c,(] -c,) c>;l,,, C ( l o )

llcca~isc  tlic il]dilsions  arc l)c.lfc(~  Clcc[l  ical  it]s[il:ilols,  llIc

cxl~rc.ssio]ls  of (9) Liti(l  (1  O)  \wlc ilio(lilicxi  Col]sldclillj:  tl]at olli.l C

)) c~,,. (lsijl~l, (9) ai~d (10), (8)  c:i]l \)c lcwlittcl]  :1s ( 1  1), olIly

filtlclio]~  oft. all(i 01{,[,,

(11)

4 c’
?,’ ).,,,.,,  (1 - )

3

S0, ill the case of lmfccl clcclr ical and tllclIIltIl  i]]s~]ltilols s[ic}l

[Is voicis,  c.ollcc[iol~s  t o  tlic clcctiiu:il and tlIc II I]iil colid[iclivity

ca]]cd  WICII  otlIcI ii] the cxl)ic.ssion  of7.’J’. Ail idcntic.a]  wd IcsLilt

i s  oblailml  ii] I[ic ctisc o f  ]mkctly  Clccllic.;[lly  aIId ttic[limlly

corld~]ctir]~l,  i nc lus ions ,  1)}’ c:ilclil[itill~; tllc jm [Lil)[itiolis  ot] t h e

clwtlicfil  zind tlmlIilal lc.sisti\’ity  tl)is Iii))c  \ 1 0 ] ,  ‘J’IIc total  tlici  II~:il

cot](iLlc[i\’i[y is dctcliilil]cd  l)y fiddilip,  tIj) tt)c Ialticc  (1 ) ,  Clcct  [ical

(13) and I)ilmlaf (14) cotltlil~illiolls it] (1 S):

A,: 10’1’ (13)

(14)

( 1 s )



WI)(HC 1, i s  tllc 1.01 C117, INlllll)(’l, o ,  alId S ,  a]c llIc illdi\’idlial

clcd  Iical  cwrldudivi[y  aIId ScClwCk  cocfliciult  of C:ICII \JalcIlcc  or

conduc(iol~  band.

III ( 1 3 )  arid (14), tlIc clccl IoIIic cx~lltlibution lo Iile tlIcIIn~il

co]lductivity,  ?LC “i 2L~lil, , i s  RfilLctcd t]}’ Illc sartlc cor[cc.tiol] 10 llIc

clcdt  ical coll(lL]cti\’ity21sil} ( 1  1 )  llo\vc\’cl,  to Iwcollsislm[  ~vitll

(12.),  ll,c Ifitlicc  co~lllibu[i(,n to llIc thcl IIlal col]dl]c[ivity (2,1)

nwds t o  lx nl~]l[iplicd  I)y tltc SaIIIC facto] it] addition  to tlIc

cxJm[d (lcclcascclllctc)2111 cIll IaIlcxx! j)lIollorI scattmi n{’, rate.

Y ‘Y.

s - s., o 0,,

S,,,., c- s.< ‘ YII1’IC Y,,

() - (),,,111’ic

( 16)

s - s,<.
1

S} Ii.,,- S,( “ (1”/)

()[ ,

s = Sl{ijc (18)

(; A]/(;ll  J, A’l’1:1) ‘l’l<ANSl’ol<rl”  I’1<01’1:1<’I’II:S

lttlj)tovcd  fit to cx]xlirnmtal datfi

‘1’hc W o f  a(ljl]slal)lc  tIa IIs]x)I[ l)aIatllc[cIs  (sucl  I a s  c~ltic(i\/c

l~lass,  [3 latio,  diclcx:tlic  coIIs[alIt  )  l~lcvio~]sly dclcfl]lit]cd  10 fit
qui(c  satisfaclolily [iIc re type  Cxl)clit]lclltal  dzila 011 lli2’1’c3-llascd

alkl}~s  \vas  USC(I  If). A  11(’\\~ S(’1 of adjusl:il)~(’ lJa IaIIIC’[CIS \\Ja  S

obtziind foI ])-tyj)c  lli2’l’ci-l)dsc(l  alloys ivl]icll Icsullcd itl a  f]luctl

lwltcl ovwall  fit o f  a l l  tlIc [lalisl)ot[  ”c(~cflicictlls,  iocl~{di[]:], 7,’1’.

‘I’llis w’asac.llic.\’c(  !lJ>’illclLl(liI  lj:Y’l’ ill Illcsct ofcxl)c]i]l]c]]t{ll  data

[o befitted.  ‘1’l~ccx]lctit]lctltal  dala sc(sto lwf;tld co]~sis(cd o f a

IIutlIbcI n of data points pfol’idit){;  trml  KHatu  Ic ‘l’, co]l)])ositiot),

clcctlical  c.ol](ltlcti\’it>/o,  IIall lllol)ility  }(11, Scckk cocflicicl)t  S ,

thcimal  Cotlduclivi[y 2. artd dilllctisiolllcss fi{:LIIc of IIICIil 7’1’

IMcllllilla[ion o f  llIc adjuslall]c lIa IaIII(Ll(’Is  \vas  acl]ic\’((1  I)y

‘i



Illirlill]iz<it)p,  tllc statistical ~2fLllic(ioll  ill (“

Iloll-lillcal squaIc  fit tdllliquc[]?]:

‘$x( l-sj:’ y I
1- I

-Ij;w:( l-:’ y  -I}; W:”’(l -7;::’) )’
l-l ~t i. , /,

(19)

\vl IcIc  t h e  difl’crc.nt  wcif,l]til]j; fidctom  \vi alc cq[Ial t o  1 0 1  0

dcjjcndillg  OII wlldllcl IIIC  c(~llcsl)oll(lill:: Cxjlc.lilnclltal data i s  0[

i s  l]ot kIIo\vII, ‘J’l)c  total  II(llIIlwt o f  dc~I,lc.vs o f  flccdoll~  Ni)l

indicates  10 w h a t  cxtcl  Il t h e  fi[ i s  ovcI dc[c[l]lil~d, and i s

c a l c u l a t e d  a s  t h e  t o t a l  nunlbm of Cxj)clilllctltal  l)lolwilics

l)lovidcd I)lus 1 , Ic(lllccd  by II)(!  total Ilulllkl o f  a(ljm(ahk’

l)a[alnctcls:

‘1’lJis aj)ploach  w a s  jus[ific(l  by [Ilc  fact t h a t  Z i s  a  coIIllIlcx

w e r e  hilt il)[o  llIc lno(ici  to insult  tilat tllc vaium  o f  7 lvclc

m[lsislcmt  \+~ith  those calculatmi  from Cxj)erilllcnt:il  (ifila, c\vIl ifa

[Iomi fi[ w a s  ad]icvcxi  on Ii]c dcct I icxi  I csis(ivily, tile Sccbcck.>
codliciml  an(i  tllc tlIcl  Inai coll(iuctivity. A s  a  Icsuit,  a sit~~,lc

icast-sq(lal  cs fit silli~lit:il~co~]siy apl)iic(i  to ai l  oi’ tile sclcc~ui  p

tyl~c cxpclilnctllai  (itita ImIltc(i it) a  I()()t-lllcaf)-s[llli[lc  (icviatior]

Ltwccv) the caimiatc(i  al)(i  obscI vc(i  WIUCS  of al)out  11 %0, a \ICI y

I mna[kabic a{ I,lccmcIIt.  ‘1’ilis  y,omi fi:’,1 ccllmlt  iwtivcu]  cainli[ilcd

arl~i ‘(c,xpc.l itllc.l)t:il”  7,’1’ \’al L]c. s is slI()\vI) 01) l;if), uf r 1
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0

‘i

d ii //1  ((q))

(t f<l fll (m)
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Ci d.+ //? ((t)
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d LI m (flo
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1.1.

1-

0.9-
0.8-
0.7-

k of..
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0.5.
0.4-
0.3-
o.? .
0.1-

01
1.02f+18 1.UW19 l.CQL~Xl I.(u+?l

-$Cixlix Cnft-zifrdial(all

IIxllapolalcd 7,’1’value.sat 200, 300, 400,”  al)d SOOK as d

fhncl ion of callio coflccnlf~  lion f’01 (Jli2’l’c3),,2-

(S02’1’c:{)(),7  -(lli)Sc3)f,l 1)-tyl~c:~ll(~y.

‘1



1.2-

1.1-

1-

0.9-

0.8-

}.. 0.7-
N 0.6 ~

0.5-
0.4-

I0.3 * ‘Win)

0.2 - 0 y~10

0.1 ““ 1,,  , ,,

l;i[:, 3 llxlrapolaled  7’1’ v a l u e s  at 3001< as a f~lllcliol]  of Cal  I im

COIICCIIII at ion fol SCVCI  a l Sb2’1’c:+-  I icll (J li2’1’c:,)l .X. Y-

(Sl)2’1’c:i)X-(  lli2Sc3)Y ])-type allclys.

(Jsinp,  tl)csc t\\w sc.(s of a(ljustab]c  }mI aInc(cIs,  tl~c In(dcl

ctilculatcd  Illc ncw t[ anslmr  [ plojwl (its WILICS fbl  H bI md I arl{’,c
of conlpmilic~l~s, Callicl  Cot]ccnttat ions aII(l tcinl)clatulcs,  n’illl

addilioll of valiolls  volulnc  fi adions  of sl]llclicfil  lIlllafllIc

scat[clinf;  ccntc]s  of (Iiflc.lcllt (Iian]ctms.

.Addition  Of(llt[afinc  sc.attc!ill~, ccl)tc[s

IIccausc  Of tllc Ilclllcll(lolls alllollllt  Of data {:cncltltcd  by tllc

]nmlcl  cfilculations, tllc lcs~ilts i~lcscntcd itl t h i s  jmjw aic
] cstl  ictc(i 10 lcj]lcscntfiti\/c  alloy  col)~j)(lsitiolls,”  lcmjm  atui cs,
V(JILIII]C. fla~ti(~ll and (Iialllctcl  of i n c l u s i o n s . Alsc), calclllatio[ls

pclfblmcd foI Imtl) n-lypc and IEtyIW  lli2 ’ 1 ’ c3- b a s e d  alloys
sl~c~wcd vc[y  l i t t l e .  difklcncc.s  in tllc nmf,llitudc  of tl]c dlan~~cs

l>IC)UIIII1 by- tllc a(l(litiol~ of the ult Itifi IIc sca(lclitlf{  ccl~tcls,

“J’tlclcfblc,  ol]lyo]]cp,]al)h  (l;ip,IIr  C9) il]ustlatcs  tllc Icsults fol l)-

typc tllloys.

lii~,ulc 4 dcscribcs  tl)c dmmsc a t  ICmIJI  tcIHpc  Iatu  Ic o f  tllc

Ifittic.ctllc.lma! c(JllClllcli\’it}  ’{~ fll-t}’llcll  i2rl’cl-l>asc(l  allc)yswilb  6
v()]LI1l]c  0/ 0  a(~(litioll  Of il]clllsiolls  c)f dcucasinp,  dial~lc.tcls.

IIcc.allsc  IIlc callicl-l)llc)llc)ll  scattcfitl{~  w a s  fhufd tO llavc  wy

l i t t l e  ilnpac(  on the l a t t i c e  tlmlna!  condcutivity  [5] ,  l-mulls  arc
sl]own fol a  constant Callicl collcellllatic)l) of akul 1. SXIO’9  cln-
3 About a 15°/0 Icductiol] in latlicc  tl]crlnal  c o n d u c t i v i t y  i s

d>taincd by a(ldiilg6\/(~llllJleO/0  ofil)cll]siol)s20A”  il) dialnctel.
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il]cl[]sio]ls  and OIIC 10 tllc lnatc]  i:il \vitll  6 VO]LIIIIC  0/0  Of  inclusions

flOA in (Iiatuctcu, Rcwlls  al c S n o w  fol a Col)slant  (xl I  icl

cotlc.cntlation  of about  1 .5x1 0]9 c.I]@, ‘1’IIC!SC ])al (icul:il  Values fol

the si7.c. and aI~muI~l of i n c l u s i o n s  WC.IC sclcdcd  Imausc

])1 cpalillg  sucl]  a I]latcrial  appca[s  fkmsiblc (as is do]]c 011 Si80(ic2{j

IIlalcl iat [ 1  3 ] )  aIId alsO  [xwtlIsc 6 vOILItllc 0 / 0  i s  wc]l will)i[)  tl)c

I aIIp,c. covcId by Il\c. c.alculatcd  ])m tulbations  t o  t h e  clecllicfil

plol)cv[ics.  Addit ions in cxccss  of 10 v{)](]INc  ‘A a[c vuy Iikcly  to

dqq a(ic tllc plc~pm  [ i t s  f:iste[ tl]aft tl)c Iatc cstilnatcd  ill tl)c

plc.vious ~ml af,l aphs, l:if,~lic.  S dcl)mllstlatcs  Illat lhc  lclativc dl o])
in latlic.c Ilminal con(iuctivity  duc t o  Il]c ultlafir~c  sca!tcti]l~:
ccnlcis  dmcascs  lapi(ily  as tcfnpctal[itc  iIIc Icasc, ‘1’his  ]csult

w a s  cx~~cc(cd  as tl~c k, apploximalcly  follows a ‘1’-] valiatio]]  and
t h e  t]aditio]]a] phonol~ scat[c.rinf,  mcdlal]isll]s  bc.cmmc I)IOIC

Xk3K. ..$
4

4
3WK

A
A

b

u 4C0K

m .&K’ ‘
*

f“l”l’

o 3 G 9 12 15

uitlit-l fra%ald W(SalI+w *[cTit[l itkittJaE ~/J

l;if:. 6 Rcdudion in l a t t i c e  thcII))al  conductivi(yas  a f’ullcl ion of

tl)cvollll)lcf  iactic)rl  of40A diamclcu inclus ions for- n-tjq~c

(lli2’J’c3),,,85  -(lli2Sc3)o,5  alloy at tcmpclaturcs  of ?(X), 300,

400aIId fool<(ca]licl”  cc)]~ccllt[atiol~=  l. 5x1019cll  ~-3)”

‘1’lIc (Iccxcasc  o f  III(: latlicc  thcrn]al  coll(luctivity  with  aII

il)clcasin:, vol LIII)c frtictiotl  o f  40A diamctcu  iliclusiolls is SIIOLWI
C)II ]~ip,~l[c,  6 fc)l tl]c.  salnc 11-iy~w  (lli2’J’c.:,)o,8  j-(l~i2Sc3)(),1$  alloY

composition, R(!sll]ts arc sllo\vl) a t  a  cot)stallt  car[icr

collccmtlatic)n  ofabout  1.S:10]9 CIN-3 , f~)ltcl~ll)~l:~t(llcs  din),
300,” 400” and 500K,”  IIc.c.ausc. II)C ovc.[ali cx>llc.ctimls  10 tl~c

clcdtic.al  Icsislivityawi  [hcmal col](ll[c(it~il  j~(c{l[latiolls”  (11) aHd
(12)  fb! i[ll]c)ll]c)p,cllcc)~]s matcuials),  t h e  lcductio])  in ]at(icc

tt}umal co[dudivity  di[cctly trallslatc.s info aI\ iln])]ovclllcnl  ii)
7’1’, ‘1’obcttcv  visual i7ctl]is i]]lplovc]ncnl,  tl]c lcl~[ivc  il]ucasc  i[l

10
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25 1 a’)nli.%rizl(n-  n)lll”ll.%os)?l(n  - lo Il,l”i%l[K-afl

lip,. 8 Rcla(ivc implovcmc.nl  in lnaximum 7,’1’ \vitll incl casinp,

l{\wl i f  a ?OOA  ilnl)rovcillcnt in /,’J’  a t  ?(WK  collslitulcs a

sip,llificant  incl  c a s e ,  ol]e sllou]d I}ol fbl${ei  that acllic.vifl~,  sl]cl]  a

Icsult in placlicc  o n  lli2’1’c:{-t)asc(i  a l l o y s  coLIl(i  lx qui(c  diflicult

l;lotn  a  Illcolclical  lx)itll o f  \limv, a(l(iiliollal  scattminy,

mcctlanisms  DCC(I 10 bc take) it)io acxx)uIll  2s 7.’1’ cannot inclcasc

indciirlitdy \\’itI~ an itlctcasil){~ \wlLImc f’[aciiot) of illcl[lsiolls. A
Ininilnum  Iattim ttlcilml coll(lLlcti\’ity  c.uto(]’ nl~]s( Iw illtrod~tcd

in cqualion  (5) as ll~c pllorlotl lncatl flee  jmtl]  ca[lf]ot  [m fcduccd

100” low. Also, tlmp,l] I)() ovc.I:ill dc[~ladali[)ti  ill 7<  ’ 1 ’  (not

dist inguisl] ~Jctwccrl Cflticts  (ILIC tO f,rai]l size, dO~)aIlt

]:)



sOlidifi Ca[i Oll flOlll a Illcll. ‘1’hcsc  allOys havc  anisc)tlopic

pfopcrlics,  and llifllws[ 7 v a l u e s  alc obtaincxi  ~)alalld  to t h e

[Ilo\v(h  dilcctiOll [14], ‘1’0 plcpa[c  l l i2 ’ J ’ c3 - b a s e d  saml)]cs  witl~

additi Ons Of Iandc)lnly  disl[ibutcd ultlafim ir]clusions,  the usc  Of

powdcl lllctalllll p,}’ tccl]lli(l~lcs  is Ic(l~lilc(l. A s a  cx)nscqucncx,  i t

i s  l]i~,llly ])lchablc  t h a t  any ilnj]lc)vclncvlt  itl l a t t i c e  Illcllnal

mnduc.tivity w i l l  k ~]cp,atcd  l)y Ihc lmscs ill clcc.llic.al tlar~spO1[

]Jiollclt icsclllct  c)sl)lallafJ(l/ol”  (iisO1iclltcd[;l[{itls,

CON(:I, IJSIOIN

IIuildins 01) tllc Iiatlslm[i l)lopcI(ics  m o d e ]  plcviously

dcvdopcd fbI ])-type. and ])-lypc  l]i2” l ’ e3-based alloys, col lect ions

a r i d  mdificatiOns  wmc m a d e  10 l)OtlI implOvc  ll)c fit tO tl~c

c.xis(inp, cxlminlcntal  d a t a b a s e  and 10 account fol the cfTcct of

ttlcitlclllsic)llsc)llall  tI:inspoI(  cocfllcicnts,  llyi1111>osillg,7,’1’:is  aII

“cxpdlimcntfil” tlallspotl pfolmr(y to tllc p,cllclaliml  fittillf:
loutines, a muc]l lJc(lcJ  OvcIall a::lcc.l)lc]ll bctm’cc.rI ca lcu lated and

cxpclimcntal  va lues  was acl)icwxi,  tk ]nmlcl  IIlaximum 7,’1

valucsof 1 .05-1.1 at 3001<”

l)ctailc(i analysis () f`tt]cv;ll  iati()llsil)l)ltlk  I)lojlcltics(tllcotyc)f”

illl~olllop,cllcolls  all Oys) ard plmlm[l sc.attclillp, ]atcs (tllmly  O f

l;itticc  thcumal COnductivilj’)  shOwd that in the case Of pc]fcct

CJcctlic.al  and tllctmal  itisulatc)  [s, tlm c h a n g e s  ill y,’]’ dc.~~cnd  OI]ly

O]J tl)c dmcasc i n  Ialticc thwmal  mlldtlctii’ity. Calculatim;s

d o n e  witl)  6 to 10 volun)c  fiac(i  O1} Of 40A diamctu  illclusi Ons

I)ldictcd that abOut  15 tO ? O O/O implOvctncllt  if) lnaxirn~lli] 7.’1’ is

pOssiblc  a t  lc~w tclnpclat~llcs  ( 2 . 0 0  1 0  300 K)” ht that much

st)l[illeli[lclcascs, S tO 100/0, alc likclyat  hif,l)  tcjllpcratulcs  (400”

to 5001< ).” Althwp,h  15t~?oo/oi ll~]>10vcI~~ct~t” isnot t~c[~li::iblc fc)l

{i s tate-of-the-al[  IIlatclial, I)ladical  cx)llsidcratiOtis  0]] tllc

plc.]JalatiOrl  and qualily O f  such s a m p l e s  \vitll  additi  Ons Of

ult[afinc  indusi(~lls  dlasticall)’  INILIK  ils  att[ac[ivc[lcss,

A(:KN(I}}’1  ,Kl)(ih~ ILN’J’S

‘J’k WOI  k dcsuikxl  in this papm was  cal t id out by tl~c J e t

1’1 OpulsiOn 1 ,ahl-atw  )1/ CalifOl ni;i  IIistitutc Of ‘1’cc.l)tIOlO[:y,  uI](ic7

a Cmlltl act ~vi[]l tllc Natiol]al  Amonautics and Sl)acc

Adlninistl atic)ll, ‘1’l~is  cfiol [ was S]K)IISOI cd by the K]IOIIS Atomic

I’OVJC[  1,alml  atc)ly, Sctmlmta(iy,  Ncw Ye)] k, ‘J’hc  authol  would

like to that]k  1)1, l’au] KlcmeIIs and 1)1. (:lc)llil] \lininp,  fc)[ many

hcll)fLIl  discussic)ns.
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